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EUTECTIC COMPOSITE EXPLOSIVES CONTAINING AMMONIUM N!TRATB'

M. M. Stinecipher
Los Alamos National Laboratory
University of California

LOos Alamos,

New Mexico

Jinictrate (EDD)/AN.

performance of, the eutectic of ammoniun nitrate
(AN) and the ammonium salt of 3,5~-dinitro-
1,2,4-trlazole. We found that this AN formulz-
tion was unusual in that it performed ideally at
small diameter, which lndicated that it was a
monomolecular explosivae,
cluded type 12 impact, Henkin thermal and wedqe
testa, and performance teats included rate
itick/plate dent, cylinder, and aquartium tesrs.
Pesulte wecre nompared with calculationa, standard
explosives, and anuther eutectic, ethylenedisaine

We have prepared, and studied the sensitivity and '
i

Sensitivity tests in-

1. INTRODUCTION

Monomalecular explosives are.
limited in amount of energy that can
be bullt Intd the mnleccule without {t
becoming too unstable to use. low-
ever, 1f all the oxygen does not have
to te in the same molecule, a more
stable combdination of oxidizec and
fuel-rich explosive can achieve the
anerqy of a COai-balanced explosiva,
Until cecently, it had been thought
(1) that 3 olid solutinn would bhe
necennary for an oxidizer and fuel to
behave as one crapound (n the detona-
tion zone, Howsver, oxperiments hy
ringer (2) and co-workers at Lawrence
Livetmore National Laboratory (LLNL)
showed that when the particle sirce of
the oxidizer waa less than 5 .m (for
example, a compusite of ground pacti-
cles of ammoniun perchlorate suspended
in yelled nitromethane) then the oxi-
dizer cteacts completely in the Jetona-
tion zone, as show.: by the acaling he-
twaen 2.54-~ and 5. 4d4-cm-ian cylinder
tests. McGuire {J) found that ilno-
topic mixing dvring detonation in 23
monomolnscular coxplosive was random,
But in thae case of a componsita, Anatol
4:;’-labelcd aimonium nitrate (AN)/-

the (sntofe ratio {n the products
{ndicatad that only a 0.6 .m lay~r of
tha AN particles combdbined with the

atoms of TNT 1n the detonatirn zone
betore ths producty were frozen out
(J). These two experiments ahow that
if the particlz si1ze of the oxidizer
{3 less than sbout 1 =, a solid sol.-
tion will not !¢ necessinary to get cud-
PleZe rraction i, the .detonation zane,

ARS8t and Hershrowit2z found that
cosnlidification ot AN with other
aRiNe nitrates 1ncreansd the Farzicl-
pation of AN 1a the Jetonation They
found *me sutentic ot AN with ethyl=-
enediamine Jdinitrate ¥D0) espacialley
intereatin) "ecautte 11 2elting poins
At 101 would sage 1t 3 ysetul
Canting BMatr.x 13,,,5%'. They tound
fome 13 rovement In the amount of AN
reacting n the Jetoration zone, Lut
their ozlerimentt with I'CD/AN at
Picatinny Araenal ‘naw ).5., Army Arma-
ment Reseatct and Zevelopmsent Jommand,
ARRADCOM) werrte liaited to amall Jdiam-
eter detonatiun velonities (D). They
did not ~—ome clnae to -alcula‘ed
vajues f D at these diameters.

At the rame time at Los Alamow
National Laboratory, we began to stuldy
the eaytecticas ~f AN with the azmoniuaa
galts of nitrohetrrocycles, Cne of
these, the cutectic of AN with the a®m-
montum aalt of J,5-dinitro=-1,q,4~
triazole (ADNT) was 2%2able ag a3 welt
from 1id to 1)J09C, and needed ~nly
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two molea of AN per mole of ADNT to be
COj-balanced. Because the CO;-
formulation was not far from eutectic
foraulation, 1.38/1 molar ratio AN/-
ADNT, all of the AN could be dissolved
in the eutectic melt by heating to
1239C (7). e have studied the per-
formance of the eutectic and 2/1 molar
retio AN/ADNT, compared thes~ results
with calculated results and compared
our results with those Akst has ob-
tained for eutectic EDD/AN (8).

II. MATERIAL FREPARATION

Preparation of ADNT

We have modified the amethod of
preparation of ADNT reported bv the
Soviets (9), especially the method of
isolation. The following is a sample
syrthesis and isoclation.

A solution of 3,5-dlymino-
1,2,4,- triazole (Aldrich) (30.0 g,
0. mol) in 0.68 M sulfuric acid (1.1
/s L.5 mol H*) was added dropwise
over 3 houts to a solution of sodium
nitrite (200 g, 2.9 mo!)) In watrer (200
oml) while xeepinn thas reaction mixture
at 99C with an alcohol-ic- bath.

After addition was complcce, the re-
action wvas heated to 60°C and was

held there for one hour until all pre-
cipltate had dissolved. Then the
reaction mixture was cooled again to
09C, and acidified with 6 M sulfuric
acid (100 ml, 1.2 mol H*). Thin

step converted the excess srodium ni-
trite to nitrous acid. Urca (15 g,
0.25 mol) was added slowly (foaming)
to remove any remaining oxides of ni-
trogen from solution. The completed
reaction mixtucre had a small amount of
orande precipitate that vas removed by
addition of decolorizirg carbon and
(iltration. Analy3sis of the filtrate
by ultraviolet anpecrroscupy at 285 na
snowad a 908 yierld of 3,5-dinitro-
1,2,4=trlazole (DNT).

The strongly iwcidic character of
DNT (~0.68 pKa) (10) made extractior,
vith the usuval organic solvents impog-
sible. [t can be extracted by the
continucous method with ethyl aether,
but the flammability of ether made
another method necessary for large-
scale ‘eactions. We found that a
toluere solution (20%) of water-
insoluble mecondary or tertiary amines
extracted the DNT (rom the aqucous
reacion minture (11). Ammonia gas
bubbled into the dried orqanic phass
cegrnerated the amine and precipitated
the drsicred ammonium galt, ADNT. Re-
crystallization in 90/10 volume ratin
ethyl acetate/acetone and drying aver

Drierite in vacuum gave pure ADNT ()5
g, 0.2 mol, 67% yield) with a aelting
point of 168-1709C, The yield wasa
improved by a second extraction of the
aquenus reaction mixture. ADNT forms
a dihydrate at relative humidities
over 35%. The aaines used wern terti-
ary amines: Alamines 304 and 136
(General Mill Chemicals, Inc.) and a
secondary amine: Amberlite {Rohm and
Haas Co.). The molar amount of amine
uscd was equal to the amount of the
DNT in the solution as measured by uv
spectroscopy. The regenerated amine
solution was reused after washing with
water,

Preparation of Amine Nirrates

We prepared EDD and other ali-
phatic amine nitrates by dissolving
the anine in 10% aqueous methanol and
adding :%/50 by volume concentrated
nit-ric acid/water dropwise wvhile
cooling with an ice bath to keep the
temperature at ambient or below. Af-
ter neuytralization wiys complete, the
preripitated nitcate salt was f1l-
tecnrd, wished well with methanol, nd
recrystallized from water /metninol.

Prenaraticn nf AN/ADNT Mixes

Dry AN and ADNT (overnight in a
vacuum drsiccator over Drierite) wer:
mixed 3nd melted in 3 beaker heated vy
a heating bath or a heating block witn
A temperature bdetween .20 and 1)5°C
until a clear, molten solution wag o=
tained. I[f 3 alurry of another 2xplo-
sive or additive was Jesited, 1t was
adied ard mixed until Jniform. The
mixtuyre was poursd and spcead cnto a
thin sheet on Teflon. While cooling,
the sheet want through 3 pliable atane
to a brittle atage. The cooled sheet
was airnund and pressed at 60 °o
1009 under vacuum into cylindrical
chatqes.

I1I. TESTING METIODS

Senmitivi®y Tests

Miztures were tested for safety
by finding impact and thermal sensiti-
vities. The wedqge tast gave add:-
tional information on initiation.

impact sensitivity was found on
an FERL-type machine equipped vith type
12 tuole and a aicrophone for soand
analyaia. A {0 o9 sample heaped on a
square of sandpaper was placed under
an anvil and a 2.5 kg weight was drop-
pad onto the anvil, NXNo sandpaper i{n
uned for type !JB. An arbitrary leve;
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of sound indicated a "go.” The 50\
*go" height wvas determined by the
Bruceton Up and Down method (12).

The thermal sensitivity wes

measured by the modified Henkin method

as developed by Rogers (17) and
Jannsy. A thin slab of explosive was
confined in a cartridge, placed in a
teaperature controlled bath of Wood's
metal, and timed until explosion. The
tenmperature below which it will not
explode is the critical temperature.

The wedge test, 3 measure of
distance of run of a shock before det-
onation starts in an explosive, vas
done at Los Alamos by the Detonation
Physics group (id4) on 109-anqle
aini-wedges macnined from 2.54-cm=diam
pressed cylinders. Three preasures
were used to (ind the celationship of
the run to detonation, X*, to the
pressure input.

Performance Tests

The detonation velocity was
aeasured by two groups at Los Alamos.
The method used by the Detonation
Physics group has been described by
Bngelke (15)) it is very accurate.
The Los Alamos Explosives Technology
group's method follows.

Ionization switches made of
polyamide-insulated, four-mil copper
wite were placed about 2.54 ma apart
between the charqes. The passage of
the 1onized detonation wave trigqered
a timer, accurate to ¢ 10 nano-
sexonda. We used a stack of sir 2.54-
ca~diam charges held tightly 1n place
on a 9.080-ca-thick steel plate with
tape. The dent was seadsurad by a ball
and rinqg method. Plate dents of the
standard explosives have bdeen cor-
telated Dy USmith (16) and Urizar. PFor
this 2.54=ca~diam unconfined plate
dent test, a (actnr of 5.68 multiplied
by the dent (am) qave the detonatinn
pressure (GPa).

Cylinder tests were done by the
Los Alamos Detonation Physics yroup.,
The sampies were fired (n a 2.54-co-
innec-dian by )0.48-cm-long copper i
tube or a 3.08-ca-inner diam by
60.96~-ca~1lonqg cnpper tube. A streak
camera rocorded the expandion of the
copper at a nlit 20.)2 cm down the’
tube and appropriately scalnd in the
2.08-cm tube. The time versus expan-
sion data were analyzed by fitting a
pover curve thcough )0 points sur-
rounding the 6-, 19-, and JO-mm polnts
of expansicn and by tinding the firat
ditferential for velocity and the mec-
ond differentiil [or acceleratiun at

each point (8). Energy of the expan-
sion was compared to TNT by dividing
tke square of the velocity Ly the
square of the velocity of TNT at the
same expansion.

The aquarium test to compare the
shock wave in water to wvhat would be
calculated wvas fired at Los Alamos by
the Detonation Phyaics group with cal-
culations done by the Detonation
Theory and Application group (17).

The heat of detonation and prod-
ucts wvere determined in the calori-
meter at LLNL 33 described by Ornel!as
(18).

Iv. RESULTS
Senaitivity

We found that the impact and
thermal ~sensitivit!es showed AN/ADNT
and EDD/AN eytecticd o De moderate.ys
Insenaizive an) 1afe 2Or must Pro-
cesses. See Table ! far a comparisen
of the tormulations tested w:th atand-
ard explosives. Note The critical
temperature 02 AN/ADNT with mitro-
guanidine (NQ', which 13 higher than
elther AN/ADNT nr NQ.

The wedqge test showed that the
shocz zensitivivy crosses the value >t
Composition B a1t a pressure of 6.4
GPa, Sut ! =*cause the alope 19 J1f-
fecent, 1t wi.. have 3 longetr run a*
lower shocks and a shorter Tun at
higher ihocka it extrapolates to
very 4mall ru=s td Jatonaticn at 1.5
GPa. .Tible . wnd Fijure ).

Performance

*aitial plate dent tests on AN -
ADNT 311tureq were Jone 1n 1. J7-cAa-
diam tecsuse ~f =hn limited napplv <t
ADNT :Table ', We were Ayrpriied
that {>raylation containing almont %0
AN nunatalined !wtonation i1n 2 l.a7-ca-
diam chacqe that wat unconfined and
gave a 3ood fent. Tr4 Pressure de-
rived from lents wvas cospared to that
calculated by C. L. Mider ot Los
Alamos vith the BRKW RydrodynamicCs com-
puter code (13, The 1,27-ca ~1ze was
closa 2 the failure Aiameter (one
failed at higa denaity) 10 sudbsequent
toats were porformed n 2.5d-cm-diar
chacges.
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TABLE 1
Sensitivity Tests
Material Impact Sensitivity Critical Temperature

{molar ratios) Type 12(cm) 12B{cm) Henkin (©C)
ADNT 58 96 225
ADNT 2H20 224 »320 -———
AN > 320 »320 361
1.38/1-AN/ADNT 66 71 236
2/1-AN/ADNT 65 6% 241
2/1/1.3-AN/ADNT/TATB 250 270 236
1.38/1/1.54~AN/ADNT/RDX 37 70 215
3/1/1~AN/ADNT/RDX 44 74 19
5/1/1/3.3~-AN/ADNT/RDX/AL i8 5S 221
£DD 88 115 245
2.33/1-AN/EDD 109 153 244
3.7/1/1-AN/ADNT/EDD 93 99 212
3/0.3/1-AN/ADNT/EDD 58 )6 227
FDEX 74 To 226
1.38/1/1.38-AN/ADNT/NQ 108 210 256
1.38/1/1.83-AN/ADNT/NQ 12 »320 261
NQ ~320 ~320 198
RDX 22 30 214
TNT 159 © 320 283
wheres

AN » ammonium nitcate

ADNT = ammonium dinitrotriazoliate

EDD « ethylrnediamine dinftrate

NQ = nitroquariidine

RDX « cyrlotrimothylnno teinitramine

TATB « |,3,9=-triamin0-2,4,0-trinttrubenzena

TNT « 1,3,5- tr\nltrotoluone

Al - aluminum

PDEK = 2.55/0.3/1/0,36 - AN/ADNT/EDD/Potassiua Nitrate (KN}

TABLE 2

Wedqge Test Data on 2/1 - AN/ADNT

riene n t Second_shot Thicd Shot
Censity (g/cm’) 1.64 1,640 1.640
Input Pressurn (GPa) 6.9 8.9 7.8
Run to Detonation (mm) LYY 2.7 4.8
Time (us) 1.28 0.55 0.40
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N NQ/Estane :

/1 mol AN/ADNT

Comp B
PBX 9501

et Premars (GFe)
[

] ] 10 210 30
B 15 Ongsation, X* (an)

Fig. 1

Relative Shock Sensitivities of 2/1
AN/ADNT and Othezr Fxplosives in the
Ne.dge Teat.

DISTANCE {cm)

ApBx 9501 - 95/2.5/2.5 wed HMX/Estanc/-
up
PDX 9502 = 95/5 wtd TATR/Kel-F 800

Late:, plate dent teats were done
In conjunction with detonation velocity
tests on 2.54-ca-diam charges (Table
4). We found that the addition ot
extra AN to the eutectic formulation
reduced the agtacment with the calcu-
lated values with the exception nf-the Cile .
aluminized 2/1 molac ratio AN/ADNT,
which performed bhetter than calculated.

ATuar 1 reae ol - 17107 -

. AN ADNT PUX. e li.es are che
An aguarium temst on the 1,.3371.°1.5 . tereener el 5 k=W
molar ratio AN/ADNT, RDX shoved that the e ard the oihte are ere
experimental snnck in water wan the clrvr1-1:t e
same as the calculated pressure profile experimenta. -4=d.
(Fiqure 2).

TABLE )
Macranfined 1.27 ™ Plate Aents
Materia: Density Extrapolated P~y Calcdlated Py
1salac_iatio; o ig/cmd) (GPa) (GPa)
1/1=-AN/AONT 1,590 2%.2 5.4
1.64% ).0 7.4
1, J8/1-AN/ADNT 1.6)0 17.) 26.7
1.510 ¥Yailed 26,7
1.38/1/1.)8=AN/ADNT/NQ 1.054 26.1 0.0
1.18/1/1. 5=AN/ADNT/RDX 1.708 )).6 10.4
1.38/1/1=AN/ADNT/HMX 1.756 .2 J2.4
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TABLE 4

Unconfined 2.54-cm Rate Stick/Plate Dent Tests

Material Density I'xper imencal Caiculated
(molar ratio) (g/cm3) Pcjldent) (GPa) D(m’s) Pry(GPa)  D(n/s
2/1-AN/ADNT 1.649 26.1 7892¢1 27.3 8268
1.18/1/1.5-AN/ADNT/RDX 1.717 31.7 845542 0.6 8475
5/1/1-AN/ADNT/RDX 1.699 24.0 7712¢1 30.4 8598
5/1/1/3.3-AN/ADNT/RDX/AL 1.752 25.0 7739¢10 29.1 8223
2/1/2.66-AN/ADNT/AL 1.734 26.) 7844 25,1 7680
2/1/1.3-AN/ADNT/TATB 1.765 28.) 784501 8.0 8013
1.38/1/1.38~AN/ADNT/NQ 1.655 26.4  =--=- - 3.0 8305
1.38/1/1.83-AN/ADNT/NQ 1.654 25.5 160 6.8 4197
3/1/1-AN/ADNT/EDD 1.607 24.2 Tu6del 27.4 3287
3/0.3/1~AN/ADNT/EDD 1.535 20,8 =me-e- 3.0 7879

9.

The cylinder tests showed that the
abilicy to push metal of the eutect.ic
explosives was better than T™T (Table
These tests showed the effect Sf

diameter on the ehavior of inter-

molecular explosives,
the EDD/AN 5.08-cm and 10.1l4-ca cylin-

Crmpaczison with

der tests showed theic similaricy in

With de=onation calorisetry we
found a3t the heat of Jdetonazion ard
the products of 2/1 molag ratin AN =
ADNT were wnat wou'd Se expected fr-m 2
monomolecular sompourd (Table o)
BKWR Tiger calculaticon at [reeze-out
temperatuies of 15009k and 13007XK.

{r~® 3

g cformance.
TARLE 3§
“rlimler Teats
=7 Arwt A STee AU A~ A! - vt : !
TILM i T e LAY STTTUIECST e W LR ST TN ICTR
Taneily ll/l"‘l 1.4} 1.%0 1,610 1.0 1.1 Lol HERR ) ] 1.5°% L}
et. Yol, (wel [PL LY I 'Y ] N *ann L) HyL (1L ale MR
Cylindar Well
Yelugity 1om, su} -
ay A am 1.2) 1.10 1.7 A | 1,27 HR 1.9 i.al L |
1mm .10 l.49 1.°1Y 1.11 .4 HY L .42 1.48 LA
9 - l.4s J.3)  {1.30b Y 1.%¢ Y Lt 1.%0 1.3
Cylinder rner iy
Pelative o ™Y
vired ve
ol ¢ = 1.00 bt . 1,10 1.9 1.1° 1.3 L] 1.1%
1% sm 1.00 1.11 e 1.58 1.94 1.11 1.% .27 1.1}
10 == 1.00 1.10 (1. je'® 1.22 1.00 1.1 1.71 1.¢e 1.10
J:I. 5. Akut (0
feianslion e this MIiAt wae et filmed, T™ie nsher was jrojectiel Iv sverarisi the esiarsing Inrresen
of AlNT, LDO. and the 10 v FCO'AY ryliwlare,
2 UADMT 1o the 27) malar reativ ol €°,6:8).8 welmt ratlan pial ire
AN/APNT/AL Lo the 2/1,2,608 mnlar ratio of 19,2 11,2°17,4 waliht ot s minlure
rO0/AN da 172.)) molar eotio ar 33 Y9 wmi gt reri 0 mintate
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TABLE 6

Stainecivher

The Detonation Calorimetry Teat of 2/1-AN/ADMT

Density was 1,619 q/cml
-aH detonation (cal/qg)
products (mol/mol I'E)

H,0 1.78.
’ .47
My 1

0,59
Co2
i, 0.0096
co 0.0092
(o] n.90011}
HH] 0.0006
HCN 0,9005

!xggrlmental
1213212

Calculations (LLNL)
1263240 (from products)

BKWR CJ Isentrope |

1.77 1.78
1.49 1.4
a,y) 7.%%
1.30)2 17.002%
1.2081 1.00AK5
n 1
1,308 Y.01q
n )

V. 0ISCUSS ION

Moat explosives concaining AN
have larqe critical dliametecrs and nven
larqer ldeal diameters. Por enample,
50/50 AN/TNT (denmity of 1.5} 7-cad)
has a critical diamater af 1.5
where D is 4570 m/1 and an ileal Jdr1am-
etar aof 1] cm whete D 19 6100 a’y.

The particle nite, the density, and
the deqrre of confinement affncs *he
two dismeters (l8). lamphell and
Engalke (13) reported the slawing of D
as the diameter of the esplosive ap-
proached the critical diameter. The
amgunt of curvatire is charactertistic
of the explosive, :nfluenced by the
reaction zone lanyth.

The behavior of entectic AN/ADNT
is Jifferent brcaunme tre critical gi1-
ameter (8 about | ca 'nd the ideal Jj-
ameter abnut 2.54 ca. (D of uncon-
fined rate atick and confined <y71indap
tast of 2/1-AN/ADNT ife the game} jne
Table ) and 4.) D is adbout what wnuld
be enpacted from calculation (19)
{Table J).

This cmall il=al Damete: 13 not
found 1n #very ratecgtic. Afar -3) hvs
found that thers was c)naideracz.e J1f-
ference 1n D at EDD’/AN *nfined at
2.94-ca-d1am, »500 m/n, 1nd a2 lJ.lkh-
ca-digm., “4110 = 1. @We -gva crepared
the particle a12e nf ~3ch cytecio My
SCANNING =jectr~n AlCTAISOPY and tiny
that the AN par2icles 1n EDD/AN Rave 3
wiJdth of 1'vut <3 m whersan *he AN
particles .a AN ADNT sutect:c average
=) .m. A2 the ritig f AN ADNT goto
further from rutegtic fofmulati:on, *%e
pactticle 11ze of AN Incieanes %2 the
same si1za a3 the AN 10 EJD/AN,

Annthet difference (n the prop-
ettiens 1t “he v AUPACRICE OCCJED 1N
the heat it fcrmaticn. ADNT Ras o
more ponitive heat of formationn, U.6 -
2 wcal/mnl, than KDD, =-196.! kcal -
mol. Tha! jives AN'ADNT 20re chemical
enerny t» releare Jiriry latonation,
1.10 kel 7 veraus 2,495 eyl g tor eu-
tectic EDD AN (water 3% jas).

Me “ave nnot deyerminesd wh)-ch
gactar 11 20re i=purtant r whelher
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there (s some other factor, which is
1ot obvious now, that makes the dif-
ference. There are projects in pro-
gress to find ways to decrease the
particle size of the AN in EDD,/AN mix-
tures and search for other explosives
that form eutectics with AN that would
have different heats of formation.

Another way to increase the
temperature in the detonation zone is
to #dd aluminum metal powder. This
should help increase the ideality of
the performance because the tempera-
ture of the detonation affects the
layer thickness of a particle of AN
that will react in the detonation zone
(19). We see that this is the case
when going from the aixture 5/1/1
solar ratio AN/ADNT/RDX to ane con-
taining aluainum, 5/1/1/).) molar
ratio AN/ADNT,'RDX/Al. The detonation
velocity increased from 90% to 940\ of
the calculated vilue. Addition of
aluminua to 2/1 molar catio AN/ADNT
incteased D from 95% va 102% of the
calculated value, We tested the lat-
ter composition 1n the 2.54-ra-diam
cylinder tese. We found, 13 did
Pinger (20) and Bjarnholet (21), that
aluminum b~haves 38 an 1nert in the
eacly part of the expanasinn (6 mm) but
keeps the wall accelerating even at 10
mu. The wall velocity {3 almost as
fant at 19 sm and is faster than the
projected value of “he 2/l molar ratin
AN/ADNT at )0 am (Table 4). The pro-
jected value was determined by aver-
49ing the incresantn of the nther cyl-
inds~: testa that have D almost aq cal-
culated. The tests with D congl.or-
ably leas than calculated Showed a
higher increase in wall valocity from
19 t2 JO ma than those with D close to
calculated.

We have discussed ideall%; a1a
the ability nf an intermolacular ex-
Plonive to follow calculated perfora-
ance as do the monomolecilir explo-
sives that wvere used tno calibrate the
calcilations. tn the BXKW calculations
the Jgreement is not too good unleas
the ratios of the elements making up
the nev eaplosive ace almont the same
an in the mudel compound, ROX. Many
of the {ntersolecular axplos.ves have
a much higher ratio of hydrogen to
carbon than does RDX 20 they probably
would not (it the calculation as
well. For exampla, the RDX has C/H /0
atom ratio 1/2/2 and 1.18/1 AN/AUNT
has C/H/0 atom ratilo 174.76/74.07 byt
2.)1/1 molar ratio AN/EDD has C.,/N/0
atom ratlo 1/9.64.76.46.

Another way to look at ideality
is by measuring the detonation prod-
ucts and comparing the result with
vhat would be expected for complete
reaction before freeze-out. The deto-
nation calorimetry experiment (Table
6) showed that the products {rom the
detonation of 2/ molar ratio AN/ADNT,
the COj-balanced intermolecular for-
mulation, were vhat was expected. The
oxygen from the AN has been used by
the C or CO from the ADNT to form
CO2 almost exclusively. The recov-
ery of the products was excellent be-
cauge there were no s0iid produces.
There is definitely complete reactiorn
in this case before freeszg-out ot *he
products.

As we atudy these eutectic
systems and find others, we will bet-
ter understand zhe paciseters that ar-
fect the reactinons between molecules
in the detonation zone.
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